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© Method of manufacturing small planar anisotropic high-strength thin can steel plate. 



© A method of manufacturing a small planar anisotropic high-strength can steel plate. Hot-rolling is first 
performed on a steel slab at an Ar 3 transformation point or higher to obtain hot rolled steel strip. The slab has a 
composition which essentially consists of and which satisfies the conditions of: C^O.004%, Si^0.02%, Mn = 0.5% 
- 3%, P£0.02%, Al = 0.02% - 0.05%, 0.008%£N£0.024%, and the rest being Fe and unavoidable impurities, 
wherein the conditions have the relationship of:AI%/N%>2. Then, the resultant strip is cooled at a cooling rate of 
10*C/s or higher so as to reach a temperature of 650 'C or lower. The resultant strip is further coiled at a 
temperature in a range of from 550 • C to 400 • C. Cold-rolling is performed on the resultant strip at a reduction 
ratio of 82% or higher preceded by removing a scale to obtain cold rolled steel strip. Subsequently, continuous 

<t annealing is performed on the resultant cold rolled steel strip at a recrystallization temperature or higher, being 

q followed by temper-rolling. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a method of manufacturing thin can steel plate used for a tinplate tin- 
free steel, and the like. More particularly, the invention relates to a method of manufacturing a higher- 
strength can steel plate having a smaller thickness and better workability compared to conventional can 
steel plates. 

Description of the Related Art 

Can steel plates, in particular, beverage can steel plates, are becoming thinner with a view to saving 
resources and achieving weight reduction. Improvements are being made to make the can steel plates 
thinner-walled. There is also a demand for good workability in the application of such steel plates to two- 
piece cans. 

Conventionally, for example, a box-annealing material having a thickness of approximately 0.33mm or 
greater and a tempering degree of approximately T1 (a strength (TS) of from approximately 32 to 
33kgf,mm2) is used for Dl two-piece cans. The thickness of such a material has recently been gaged down 
to 0.29mm and even to 0.25mm or smaller. Along with the downsizing of the material, there follows an 
increase in the use of high-strength materials having a tempering degree of T2.5 (a strength TS of 
approximately 37kgf/mm2), and high-strength materials even having a tempering degree of from T3 to T4 (a 
strength TS of from approximately 38 to 39kgf/mm 2 ). 

Further, since deep drawing is performed on the two-piece cans in the manufacturing process there is 
a demand for a large degree of average r and a small degree of Ar. For example, there is a demand that a 
Dl can steel plate should have an average r of 1.3 or greater and Ar of 0.3 or smaller. A small degree of Ar 
is demanded with a v.ew to suppress earing during deep drawing for improving yield of produced can and 
to avoid breaking the earing during ironing performed on the coarse form of the can and during a 
subsequent process of removing the can from a punch. 

Although many proposals have been made for a method of manufacturing a can steel plate, no proposal 
meets all the requirements described above. 

For example, Japanese Patent Laid-Open No. 2-118027 discloses a method of manufacturing a can 
steel plate having good workability. This method is employed whereby the so-called extremely-low carbon 
steel slab having a predetermined composition is subjected to hot rolling, cold rolling, and acid pickling 
according to a conventional procedure, being followed by cold rolling under a rolling reduction ratio of from 
85 to 90% to obtain hot rolled steel strip. Subsequently, the resultant strip is subjected to continuous 
annealing and further to temper rolling under a rolling reduction ratio of from 15 to 45% thereby 
strengthening the steel. ' 

However, the foregoing method presents the following problems. Since extremely-low carbon steel is 
used as a material, it is necessary to perform temper rolling .under a considerably high reduction ratio 
subsequent to the continuous annealing, in order to obtain a high-strength steel plate This lowers 
productivity. 

A proposal which was made to increase the strength of a can steel plate is disclosed in for example 
Japanese Patent Laid-Open No. 2-118025. Under this method N is added to the material of a steel and the 
temper rolling is further performed after annealing, thereby increasing the strength of the steel 

However, the steel plate obtained by this method cannot meet the conditions of good workability and 
having a small planar anisotropy (Ar), which are required for manufacturing a two-piece can havinq a laroe 
reduction ratio. " 

A method of utilizing texture controlling technique by precipitating AIN during annealing is well known 
as a method of ensunng good workability. However, this method presents the following problems Since AIN 
is precipitated during annealing, a comparatively slow heating speed is required. This typically necessitates 
the employment of a box-annealing process, and thus it is very unlikely to be able to provide a cost- 
effective continuous annealing method. 

Further, Japanese Patent Laid-Open No. 63-230848 discloses a method of manufacturing a steel plate 
having good workability through the use of texture controlling technique by means of the precipitation of 
AIN during the continuous annealing process. This method is employed as follows. A steel havinq a 
composition of CSO.003%. Mn = 0.09 - 0.8%, sol.AI = 0.06 - 0.12%, and N = 0.005 - 0.011% is used It is 
subjected to hot rolling and is then coiled at a temperature of 560 -C or lower. Subsequently, it is subjected 
to cold rolling and is continuously annealed under the conditions of an average temperature rise speed of 
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from 1 to 20*C/s in a range of from 400 to 700 *C and a maximum heating temperature of from 700 to 
900 # C. This process is intended to ensure good workability. 

However, this method requires the content of a large amount of A!; as much as 0.06% or higher. This 
promotes the precipitation of AIN during hot rolling, and the amount of precipitated AIN varies, making it 
5 difficult to control the amount of dissolved N, prior to continuous annealing. This further makes it difficult to 
control the amount of AIN which should be precipitated in the process of continuous annealing, thereby 
making a variation in the material quality wider. Additionally, a large amount of Al content makes the 
product expensive. 

70 SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to provide a method of manufacturing a high-strength 
thin can steel plate having good workability. 

Another object of the present invention is to provide a method of manufacturing a can steel plate 
75 provided with the foregoing characteristics achieved through a continuous annealing process. 

A further object of the present invention is to provide a manufacturing method whereby the reduction 
ratio of temper rolling subsequent to continuous annealing is sufficient in terms of a reduction ratio of from 
1 to 3%, that is employed in a conventional method. 

The specific product characteristics according to the present invention should meet all the requirements 
20 of: a thickness of 0.29mm or smaller, and more preferably, 0.25mm or smaller; a strength (TS) level of 
37kgf/mm 2 or more, and more preferably, 39kgf/mm 2 or more, when the temper rolling reduction ratio is 
from 1 to 3%; an average value r of 1.3 or greater; and planar anisotropy of Ar of 0.3 or lower, and more 
preferably, 0.2 or lower. 

The Ar indicating planar anisotropy can be expressed by the following equation: 

25 

Ar = (r L + rC-2rD)/2 
wherein 

r L : the value r in the rolling direction, 
30 r c : the value r at 90* with respect to the rolling direction, and 
r 0 : the value r at 45 ' with respect to the rolling direction. 

In order to solve the foregoing problems, the present inventors made various investigations and 
examinations. They discovered that a can steel plate having the targeted characteristics can be manufac- 
tured by a continuous annealing process which uses as a material extremely-low carbon steel containing 

35 large amounts of Mn and N and which makes adjustments to hot rolling conditions. 

Accordingly, in order to achieve the foregoing objects, the present invention provides a method of 
manufacturing a can steel plate having a small planar anisotropy as well as high strength, comprising the 
steps of: hot-rolling a steel slab to produce a hot rolled steel strip at an Ar 3 transformation point or higher, 
the slab having a composition which essentially consists of and which satisfies the conditions of: C^0.004%, 

40 Si£0.02%, Mn = 0.5% - 3%, P£0.02%, Al = 0.02% - 0.05%, 0.008%£ N£0.024%, and the rest being Fe and 
unavoidable impurities, wherein the conditions have the relationship of:AI%/N%>2; cooling the resultant hot 
rolled steel strip at a cooling rate of 10*C/s or higher so as to reach a temperature of 650 *C or lower; 
coiling the resultant hot rolled steel strip at a temperature in a range of from 550 *C to 400 °C; cold-rolling 
the resultant hot rolled steel strip at a reduction ratio of 82% or higher to produce a cold rolled steel strip 

45 after removing a scale; continuously annealing the resultant cold rolled steel strip at a recrystallizatton 
temperature or higher; and temper-rolling the resultant cold rolled steel strip. 

The more specific features, the conditions for carrying out the present invention, and the like, will be 
apparent from the following description in the embodiment and the appended claims. 

50 DESCRIPTION OF THE PREFERRED EMBODIMENT 

Conditions for Material Composition 

A description will first be given of the composition of the material. 
55 C: It is necessary to maintain the C content in the material in a low level in order to ensure good 
workability. It is also necessary that the C content should be 0.004% or lower in order to perform texture 
controlling by means of the precipitation of AIN during the continuous annealing. However, C content 
0.0003% or lower may make the crystal grain size be significantly coarsened, thereby resulting in surface 
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resis!anci i L U ri S ! 1 d r - f0r H Str T 9t t h K en ! ; n9 ^ Stee '' bUt " bringS abOUt deCreases in workability and in corrosion 

T^ZZToS. * e a content is desirably lowered as much as possible - The UpP *' *"» - ^e 

to sl™Z»Z PiC f V *! T 6ntia i e ' ement f ° r stren 9 thenin 9 a steel plate, and can thus be actively added 
to strengthen the extremely-low carbon steel in this embodiment 

Mn T A,?hlnnh?h n J H?TV° r M k ' imited 10 the f ° re9 ° in9 faCt ° rs f™""* 10 the tyP^ Properties of 

orl, c £ 1 deta " ed , mechanism of M " '3 unknown, a predetermined amount of Mn is inevitable in 
order to ,nh,b,t the prec.prtat.on of N and to ensure the amount of dissolved N prior to the continuous 

Et££T!2 2?T" 1 N may be re,ated t0 a reduction in the p-* du^SX 

Mn also has the advantage of promoting the precipitation of AIN during the continuous annealing 

Thus, the present invention can be summarized as follows. Extremely-low carbon is used as a material 
and predeterm.ned amounts of Mn, N and Al are added to the carbon. The hot r^cZZZTZl 
cont nuous anneahng condrtions are suitably adjusted as described below, thus enhancing the precipitin 

™t LhTn- ; nU ° US annea ' in9 ' th6reby brin9in9 3b0Ut an -P-vement in the texture controll ng 

This further gives r.se to an .mprovement in plane anisotropic characteristics of the value r 

inJlZ d Z 10 ° bta, l th f, fore 9° in 9 advantages, it is- necessary to add 0.5% or higher Mn in the present 

» make rt dTcult'to rL TT V™** * 3% hard@ns the steel ^ 

r^iriln T °f n C ° d r0, " n9 ° n the reSUltant Strip Accordingly, the Mn content should be 

restricted to a range of from 0.5 to 3%. 

*v,J*L* aS 35 S !' u ^ e ' ement f ° r stren 9 theni "9 steel. At the same time, however, rt also brings 
.oh Jf 3681 ,?, W0 T r k kab " ity and corrosion resistance, and accordingly, the P content is desirably lowered 
as much as possible. The upper limit of the P content should be 0.02%. 

Al: Al is an essential element required for precipitating N as AIN. It is necessary to add 0.02% or higher 
Al ,n order to exert the effect of facilitating the precipitation of N during the continuous annealing. However 
an excessive amount of Al overly accelerates the precipitation of AIN during hot rolling, thus hamperino 
TnTeZeZT^ V r anS * A ' N dUri " 9 the COntinuOUS annealing' and !nhSg an 

steel strip cause a large vanat.on m precp.tat.on quantity of AIN in the hot rolled steel strip, thus causino a 
pTeST oLTTI qua,i !r AcC : 0rdin 9 | y- the ^ ™ * *. A, content should be 0*05% and more 
SSSSm . • ,S 3150 necessar V in the P re ^nt -mention that N be precipitated as AIN 

dlinn i * y ,K° mP ! le ' y dUrin9 the continuous an "^'i"9. m order to meet such a requirement, there is a 
demand for the condition that Al%/N%>2. 

N shlld 'L^JZZT^ e ' emen ! perf0rrnin9 texture ^ntrol in the present invention. A large amount of 
1 V,6W t0 P rec, P lta t'ng a large amount of finely-formed AIN during the continuous 
anneahng so as to perform the texture control function and also to increase the strength of the reSt 
2£t t A H Sma " f am0unt of the N co "tont delays the precipitation of AIN dur ng ^nnea. ng the X 
.nh.brt.ng the effect of texture control and making the dissolved N more likely to remain 

Accordingly, the N content is determined to be 0.008% or higher in the present invention A laroe 
amount of N is preferably added, but the amount in excess of 0.024% or highe^satura e "the Sects o N 

rTstrS to a024% ^ * Pr ° dUdn9 ^ ^ C ° ntinU ° US The upper limi < is 

abo V ?% b fhn C n C h° ndi, ! 0nS materia ' the Pr6Sent inV6nti0n have ,hus tee* discussed as described 

above Although a large amount of N, among other elements, should be added rt is substantial 

SS?SJ?£n under the presence of the ,ore90in9 Mn •* Al - thus il is free from the ^ETX 

in nll the P L eSenl inven,ion ' since a lar 9 e amount of extremely fine AIN is present in the steel. This results 

ln^L P °o ° h nS .f WhjCh diS, ° Cati0n iS ,ike ' y ,0 ° CCUr ' thereby inhibiti "9 an occurrence of yield pott 
elongat.on or the l.ke. compared with typical extremely-low carbon steel containing a small amount of AIN 

For the applications which are particularly influenced by the ageing, the C content in the steel is 
ZVZ 0 «nlT° 9 Characteristics can be improved. In order to achieve this, the C co tent in thfs e S 
2!1 ' 0% ; ,ower - ,f il is diffi cu't to reduce the C content in the steel to an extent of a range 

S 1 ,n 9 9 f 065 ROt PreS6nt anV Pr ° blem - a9ein 9 characteristics can be improved by adding Nb to 
reduce the amount of dissolved C. which causes the ageing 

0 00i n 0% C < Nh'/^ 'JZ t° Uld be 8d l ° SUCh a " 6Xtent 38 10 meet the COndition of the agression: C%- 
terniri,,! r V T ^ * ^ °' Nb 6XCess of 0 04% incra ases the recrystal.ization 

temperature dur.ng the contmuous annealing, thus making the annealing conditions more demanding and 
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also disadvantageous^ making Nb fix N, thereby hampering the precipitation of AIN. Consequently, the 
lower limit of the Nb content should be a value calculated by the expression: C%-0.0010% $ Nb%x 12/93, 
while the upper limit should be 0.04%. 

For evaluating ageing characteristics as baked hardness (BH), the condition of the expression: 
5 BH£1kgf/mm 2 should be satisfied, thereby eliminating the problem of ageing characteristics. 

Rolling and Annealing Conditions 

A description will now be given of the reasons for restricting the rolling conditions. 
io Hot rolling and cold rolling can be performed according to a conventional procedure, but the below- 
mentioned conditions should be met in such a procedure. 

The hot rolling finishing temperature: the rolling finishing temperature should be the Ar 3 transformation 
point or higher. If the rolling is performed on the ferrite area of the steel plate at a finishing temperature 
below the Ar 3 transformation point, the precipitation of AIN is accelerated in the hot rolled-plate. This makes 
75 it difficult to perform the texture control step by means of the precipitation of AIN during annealing. 

Even if the rolling finishing temperature is the Ar 3 transformation point or higher, the addition of Nb 
disadvantageous^ fixes N during hot rolling, which decreases the amount of dissolved N prior to annealing 
and also restricts the effect of reducing the ageing amount, which effect can be achieved by the addition of 
Nb. Thus, the rolling finishing temperature is preferably at 870 °C or higher if Nb is added. 
20 In contrast, a high rolling finishing temperature as high as 980° C or higher undesirably coarsens the 
crystal grain size of the hot rolled-plate and is likely to reduce the value r. Thus, the rolling finishing 
temperature is also preferably at 980 °C or lower. 

Coiling temperature: the upper limit of the coiling temperature should be 550 *C. The coiling tempera- 
ture in excess of 550 *C widens a variation in the material quality in the longitudinal direction of the strip. 
25 This necessities an increase in the amount of cutting of the forward and rear ends of the product in order to 
ensure the uniformity of the material quality of the product, thereby deteriorating the yield of the product. A 
higher coiling temperature also induces the precipitation of AIN in the coarse form in the hot rolled-plate, 
thereby decreasing the contribution to the texture control step during the continuous annealing and to an 
increase in the strength. 

30 A coiling temperature below 400 # C may change or disorder the configuration of the plate which has 
been coiled in a currently-available hot rolling device, thus hampering subsequent processes of acid 
pickling and cold rolling. The lower limit of the coiling temperature should thus be 400* C. 

Cooling rate: the cooling rate after the finish-rolling so as to reach 650 # C is determined to be 10'C/s, 
and more preferably, 20 • C/s or higher. In terms of inhibiting the precipitation of AIN in the hot rolled-plate, 

35 it is necessary to maximize the cooling rate in a range from a temperature at which the rolling is completed 
to 650 *C at which AIN is likely to be precipitated. A low cooling rate facilitates the precipitation of AIN 
during cooling or the formation of a precipitated nucleus of AIN even if a Mn-contained material is used so 
that N is unlikely to be precipitated in the hot-rolled plate. This promotes the precipitation of AIN in the hot- 
rolled plate and thus fails to benefit from adding N. 

40 In the present invention, it is possible to allow a large amount of dissolved N to remain prior to 
annealing by making adjustments to the cooling rate. The dissolved N is precipitated as finely-formed AIN 
during the continuous annealing, thus enabling the recrystallization texture controlling without adding a large 
amount of Al, thereby achieving good workability and, in particular, an improvement in Rankford value r. 
Cold rolling conditions: the steel plate subjected to hot rolling undergoes acid pickling and cold rolling, 

45 being followed by the continuous annealing at a recrystallization temperature or higher. 

In the present invention, since the steel plate subjected to hot rolling is coiled at a low temperature, 
very good acid pickling properties can be obtained. Also, the cold rolling reduction ratio is 82% or higher, 
and more preferably, 86% or higher, in order to obtain good deep drawing workability and also to facilitate 
the precipitation of AIN during the continuous annealing. 

50 Continuous annealing: the annealing temperature should be the recrystallization temperature or higher 
because it is necessary to recrystallize the steel plate during annealing. It is also preferable that the steel 
plate be annealed at a relatively high temperature as high as 720 *C or higher in order to completely 
precipitate AIN in the fine form during annealing. However, an excessively high annealing temperature 
increases the danger of producing defects during the continuous annealing, such as heat buckling, plate 

55 breaking, and the like. The annealing temperature is thus preferably 840 • C or lower. The heating speed of 
the continuous annealing in a range of approximately 1 to 100* C/s exerts a very little influence on the 
resultant steel plate, and accordingly, stable material quality can be guaranteed. 
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process, thereby making the mate ia%^^^ WithOUt performin 9 • 

on the steel plate at a reduction ratio of t W hToher' £ the or-* "T^Z t0 Perf0rm tem P e "°»'ng 

composition, and the hot rolling and cold rolL rnnwV . f ! invention, adjustments are made to the 

having a sma.l thickness and ach'vin goS wo« high-strength can steel plate 

rolling to such an extent as to adjust me coSSon liZ '"'T^ SUffident l ° Perf ° rm tem P er " 
approximately from 1 to 3% conf.gurat.on of the steel plate, that is. a rolling reduction ratio 

a .cssrirrax ss^s^^ r ances stren9 *- Tempe ^ - 
^rsrrpe^^ 

considerable infiuence on «J Trl^Z^o^tXTuZr Tlt ^ " ^ a 

of the precipitation of A.N without adding a^arge amount ot A, ™ 8Ch,e ™ ent of texture con ™ by means 
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unavoidTb^iiitU^ Sh T " T3ble 1 ^ ~ - Pe - 

into hot rolled strip. The hot rolLd s2 strS, »l£ J* Pr0dUCed S ' 3b W3S Subjected to hot 
The cold rolled steel strip was Ten ^t^TlISS^ C °' d r0 " ed ''^ C °' d r °" ed Steel stri P 
in a temperature range of from 740 to oS • C beinn fnl h k" T™ 09 r3t8 ° f from 20 to 3 ° ' <* 

in Table 2. A tinplating was performed^? the SS2 ♦ ^ ,f temper - ro,,in 9- und er the conditions shown 
line so as to finish the st ip Ta S P te TZ no ?2??X T * 3 electro-tinp.ating 
strength (TS). the average value r the Z anisoL™ f, ! V3,uat,0ns were mada *>' the tensile 

Plate. The results are shown in Table 2 """W va,ue Ar - a "<* BH characteristics of the resultant tin 

(^cSSiSS'U sTetX^ru^f * S*" 8 "* 3 " d Table 3 

anisotropic characteristics in Tr and hioh sZnth Z t T" 9 * ,he PreSent invention achi ^ed small 
steel plate. Also, the ^Z^oftZZ^lZT ™ USed ,0r a thin ca " 

so as to further enhance the s*eng£ ofTe ^JTSSLV* ^T" 5 3nne3 ' in9 W3S increased 
content or the addition of a suitable II nf £ T,' J ' " W3S Venf,ed that a decrease in the C 
as tkgfW or , owe, thereb^^ BH as much 

on the tin plate, being followed ^ byTweSnoTes a nH f, p,3t \ Pa,n,,n 9 and baki "9 were then performed 
presence of cracking of the HAZ porton TJTwT^ 9 ^'?- ^ eva,uati °^ were made for the 
achieved subsequent to n^^^^Z^J^^^" 9 characteristic * and workabi.ity 

Although in this example to X£^„2^J? T ™ ,hree -P ie ^ welded can. 

Plate, such as a tin-free stee.^ S or I com™ f , VT" ^ ^ * m3y be used as a <*» steel 
characteristics can also be obteined ^ ^ **" ^ ° r the ,ike ' in ^ 

case good 

advamages' 6 ^ "^"^ ^ the f ° reQoin 9 da -iption. the present invention offers the following 

thJneJs^ng 22^2 SS^lt? 3 ^ ^ -» ha ^ a 

conventional steel plates sota th^lhv rl ! k WhlCh P ro P erties have "ot been obtained by the 
efficiency and weigh? XJL t ^0,^^^^.^ " « 
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Table 1 





STZZL 


CHEMICAL COMPOSITION (tfcX) 


a- 

(VbX«12/93) 


5TEKL 


5 


NO. 


C 


Si 


Ma 


P 


s 


Al 


H 


Kb 






1 


0.002 


0.009 


0.S5 


0.01 


0.009 


0.04 


0.011 


0 








2 


0.0032 


0.01 


0,71 


0.011 


0.007 


0 .032 


0.01 


0 








3 


0.003 


0.009 


0.8 


O.Ol 


0.01 


0.035 


0.012 


0 






10 


4 


0.003 


0.OO9 


0.8 


0.01 


0.01 


0.035 


0.012 


0 


m 






5 


0.003 


0.009 


0.8 


0.01 


0.01 


0.035 


0.012 


0 


_ 






6 


0.0038 


0.01 


2.2 


0.012 


0.01 


0.028 


0.009 


0 


m 


St*«l of 




7 


0.0023 


0.01 


1.5 


0.01 


0.008 


0.043 


0.015 


0 


_ 


thm pT«««nt 

lu'wncl.oo 


15 


8 


0.0016 


0.01 


0.63 


0.01 


0*006 


0.06 


0.012 


0 






9 


0.0008 


0.01 


0.93 


0.008 


0.01 


0.04 


0.012 


0 








10 


0.0005 


0.01 


1.20 


0.009 


0.01 


0.043 


0.011 


0 








11 


0.0021 


0.01 


0.7 


0.OO9 


0.007 


0.038 


0.01 


0.013 


0.0004 




20 


12 


0.0025 


0.009 


0.6 


0.01 


0.009 


0.04 


0.015 


0.014 


0.0007 






13 


0.0018 


0.01 


1.B5 


0.007 


0.01 


0.028 


0.012 


0.016 


-0.0003 






14 


0.0015 


0.01 


0.7 


0.01 


0.01 


0.04 


0.013 


0.024 


-0.0016 






15 


0.0013 


0.O1 


0.65 


0.011 


0.008 


0.042 


0.01 


0.007 


0.0004 




25 


16 


0.01 


0.008 


0.65 


0.01 


0.0O9 


0.04 


0.01 


0 


- 






17 


0.002 


0.01 


0.2 


0.01 


0.01 


0.04 


0.014 


0 








18 


0.0021 


0.01 


0.6 


0.01 


0.009 


0.08 


0.01 


0 








19 


0.002 


0.01 


0.6 


0.01 


0.01 


0.04 


0.004 


0 




Sc»«l in 


30 


20 


0.0023 


O.01 


0.6 


0.01 


0.01 


0.04 


0.011 


0 




ccmp*r*tiv« 




21 


0.0022 


O.01 


0.6 


0.008 


0.01 


0.042 


0.012 


0 








22 


0.0025 


0.01 


0.65 


0.01 


0.009 


0.038 


0.01 


0 






35 


23 


0.002 


0.01 


0.55 


0.01 


0.008 


0.042 


0.003 


0.011 


O.0OO6 






0.003 


0.009 


0.7 


0.01 


O.Ol 


0.03 


0.012 


0.OO6 


0.002Z 






- 


0.0021 


0.01 


0.7 


0.009 


0.007 


0.045 


0.01 


0.013 


0.0004 





40 



45 



50 
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Table 2 



5 


STEEL 
NO. 


HOT-ROLLING 

77 WISHING 
TEMPERATURE 
it. ) 


COILING 
(°C) 


COOLING RATE 
TO 650 P C 
AFTER HOT 
ROLLING 


COLD- 
ROLLING 
REDUCTION 
RATE 
(X) 


TEMPER 
ROLLING 
REDUCTION 
RATE 
(2) 


STEEL 




1 


890 


500 


20 


89 


1.2 




70 


2 


870 


530 


14 


87 


2 






3 


880 


520 


25 


89 


1.5 






4 


890 


520 


20 


88 


10 




75 


5 


890 


520 


25 


88 


30 


C _ _ 1 -£ _ 


6 


870 


4 50 


37 


90 


1.3 


oceei oi cne 
present 




7 


910 


510 


21 


89 


1.3 


invention 




8 


880 


490 


20 


84 


1.5 




20 


9 


880 


480 


40 


91 


1.1 






10 


870 


500 


32 


86 


1.5 






11 


870 


500 


25 


89 


1.5 




25 


12 


880 


500 


25 


88 


1.5 




13 


880 


510 


21 


87 


1.5 






14 


890 


450 


28 


87 


20 






15 


890 


530 


13 


93 


1.2 




30 ' 


16 


880 


500 


20 


87 


1.5 






17 


880 


500 


20 


89 


1.5 






18 


890 


520 


23 


87 


1.5 




35 


19 


880 


500 


20 


89 


1.5 1 




20 


880 


590 


12 


89 


1.5 


Steel in the 




21 


890 


500 


5 


88 


1.5 


comparative 
example 




22 


880 


510 


20 


75 


1.5 




40 


23 


890 


500 


20 


89 


1.5 j 






24 


890 


530 


21 


89 


1.5 






25 


880 


520 




89 


1.5 





45 



50 



55 
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Table 3 



25 



STEEL 
NO. 


TS 

(kgf /am 2 ) 


MEAN r VALUE 


A T* 
u J- 


BH 

(kgl/rcn-) 




1 


38.0 


1.7 


0.05 


4 




2 


39.0 


1.6 


0.2 


5 




3 


39.0 


1.6 


0.1 


5 




4 


. 44.0 


1.5 


0.1 | 


0.9 




5 


58.0 


1.5 


0.1 


0.5 


Steel of the 


6 


43.0 


1.5 


0.1 


5 


pre sent 
invention 


7 


41.0 


1 .6 


0.1 


3 


8 


37.0 


1.5 


0.2 


4 




9 


38.0 


1.7 


0.1 


0.9 




10 


37.0 


1.7 


0.1 


0.1 




11 


37.0 


1.6 


0.1 


0.1 




12 


40.0 


1.7 


0.1 


0.8 




13 


41.0 


1.6 


0.1 


0 




14 


54.0 


1.6 


0 


0 




15 


38.0 


1.5 


0.2 


0.5 




16 


41.0 




-0.6 


6 




17 


33.5 


1 .2 


-0.4 






18 


32.0 


1.4 


0.4 






19 


35.0 


1.2 


-0.5 




S:eel in the 


20 


35.0 


1.2 


-0.5 




comparative 
example 


21 


35.0 


1.2 


-0.5 






22 


32.0 


1.2 


0^6 






23 


36.0 


1.2 


-0.4 






24 


39.0 


1.5 


0.2 






25 


35.5 


1.3 


-0.5 







45 Claims 

1. A method of manufacturing a small planar anisotropic high-strength can steel plate, comprising the 
steps of: 

hot-rolling a steel slab to obtain hot rolled steel strip at an Ar3 transformation point or higher, said 
so slab having a composition which essentially consists of and which satisfies the conditions of: 
CSO.004%, SiSO.02%, Mn = 0.5% - 3%, PSO.02%, Al = 0.02% - 0.05%, 0.008%SNS0.024%, and the rest 
being Fe and unavoidable impurities, wherein said conditions have the relationship of:AI%/N%>2; 

cooling the resultant hot rolled steel strip at a cooling rate of 10*C/s or higher so as to reach a 
temperature of 650 • C or lower; 
55 coiling the resultant strip at a temperature in a range of from 550 • C to 400 ' C; 

cold-rolling the resultant strip at a reduction ratio of 82% or higher preceded by removing a scale 
to obtain cold rolled steel strip; 

continuously annealing the resultant cold rolled steel strip at a recrystallization temperature or 
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higher; and 

temper-rolling the resultant cold rolled steel strip. 

2. A method of manufacturing a high-strength can steel plate having small ageing and small planar 
anisotropic characteristics according to claim 1, wherein said steel slab further contains Nb under the 
conditions of: Nb^O.04% wherein Al%/N%>2 and C%-0.0010<(Nb%x12/93). 

a A method of manufacturing a high-strength can steel plate having small ageing and small planar 
anisotropic characteristics according to claim 1, wherein the C content of said steel slab is 0.0010% or 
lower. 

4. A method of manufacturing a high-strength can steel plate having small ageing and small planar 
anisotropic characteristics according to claim 2, wherein the hot rolling is finished at a temperature of 
870 • C or higher. 

5. A method of manufacturing a high-strength can steel plate having small ageing and small planar 
anisotropic characteristics according to one of claims 1 and 2, wherein the cooling rate achieved after 
the cooling subsequent to finishing the hot rolling is 20°C/s or higher. 

6. A method of manufacturing a high-strength can steel plate having small ageing and small planar 
anisotropic characteristics according to claim 1, wherein the reduction ratio of the cold rolling 
subsequent to the removing of the scale is 86% or greater. 

7. A method of manufacturing a high-strength can steel plate having small ageing and small planar 
anisotropic characteristics according to claim 1, wherein the reduction ratio of the temper rolling 
performed subsequent to the continuous annealing is from 1 to 3%. 

8. A method of manufacturing a high-strength can steel plate having small ageing and small planar 
anisotropic characteristics according to claim 1, wherein the reduction ratio of the temper rolling 
performed subsequent to the continuous annealing is 5% or greater. 

9. A method of manufacturing a high-strength can steel plate having small ageing and small planar 
anisotropic characteristics according to claim 2, wherein the reduction ratio of the cold rolling 
subsequent to the removing of the scale is 86% or greater. 

10. A method of manufacturing a high-strength can steel plate having small ageing and small planar 
anisotropic characteristics according to claim 2, wherein the reduction ratio of the temper rolling 
performed subsequent to the continuous annealing is from 1 to 3%. 

11. A method of manufacturing a high-strength can steel plate having small ageing and small planar 
anisotropic characteristics according to claim 2, wherein the reduction ratio of the temper rolling 
performed subsequent to the continuous annealing is 5% or greater. 



0659890A2_L> 



10 



09) 



J 



(12) 



Europaisches Patentamt 
European Patent Office 
Off ice europeen des brevets (11) EP 0 659 890 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

21.05.1997 Bulletin 1997/21 

(43) Date of publication A2: 

2a06.1995 Bulletin 1995/26 

(21) Application number: 94120250.9 

(22) Date of filing: 20.12.1994 



(51) Int. Cl. 6 : C21D8/04, C22C 38/00 



(84) Designated Contracting States: 


• Kato, ToshiyuW, 


DE FR GB 


Kawasaki Steel Co. 




Chiba-shi, Chiba 260 (JP) 


(30) Priority: 21.12.1993 J P 322410/93 


• Sato, Kaku, 




c/o Kawasaki Steel Co. 


(71) Applicant: KAWASAKI STEEL CORPORATION 


Chiba-shi, Chiba 260 (JP) 


Chuo-ku, Kobe-shi, Hyogo 651 (JP) 


(72) Inventors: 


(74) Representative: Grunecker, Kinkeldey, 


Stockmair & Schwanhdusser 


• Fujinaga, Chikako, 


AnwaltssozietSt 


Kawasaki Steel Co. 


Maximilianstrasse 58 


Chiba-shi, Chiba 260 (JP) 


80538 Munchen (DE) 


• Tosaka, Akio, 


c/o Kawasaki Stee! Co. 




Chiba-shi, Chiba 260 (JP) 





CO 

< 

o 

CO 

o> 

CO 

o 

Q- 
LU 



(54) Method of manufacturing small planar anisotropic high-strength thin can steel plate 

(57) A method of manufacturing a small planar ani- 
sotropic high-strength can stee! plate. Hot-rolling is first 
performed on a steel slab at an Ar 3 transformation point 
or higher to obtain hot rolled steel strip. The slab has a 
composition which essentially consists of and which 
satisfies the conditions of: O§0.004%, Sis0.02%, 
Mn=0.5% - 3%, P^O.02%, Al=0.02% - 0.05%. 
0.008%^N^0.024%, and the rest being Fe and una- 
voidable impurities, wherein the conditions have the 
relationship of:AI%/N%>2. Then, the resultant strip is 
cooled at a cooling rate of 10°C/S or higher so as to 
reach a temperature of 650°C or lower. The resultant 
strip is further coiled at a temperature in a range of from 
550°C to 400°C. Cold-rolling is performed on the result- 
ant strip at a reduction ratio of 82% or higher preceded 
by removing a scale to obtain cold rolled steel strip. 
Subsequently, continuous annealing is performed on 
the resultant cold rolled steel strip at a recrystallization 
temperature or higher, being followed by temper-rolling. 
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